INTRODUCTION
Gorgonians are common organisms in sublittoral benthic con~munities i.n the Mediterranean Sea (Weinberg 1979 , 1980 , Gili et al. 1989 . In some habitats gorgonians form dense aggregations, with species like Paramuricea clavata contributing more than 40% of the biomass of the community as a whole (True 1970 , Gili & Ros 1985 . Studies of Mediterranean gorgonians indicate that the distribution ranges and abundance of these organisn~s depend upon such environmental factors as light, temperature, current direction and flow rates (Riedl 1966 , Weinberg 1979 , Russo 1985 . Considerable work has been carried out on the distribution and abundance patterns of gorgonians and the factors regulating such patterns in tropical seas. The same environmental factors reported for Mediterranean species exert a strong influence on the distribution of tropical species (e.g. Kinzie 1970 , Opresko 1973 , Grigg 1977 , Muzik 1982 , Lasker et al. 1983 , Yoshioka & Yoshioka 1989 . Recently, Gili & Ballesteros (1991) postulated that current flow, as a food transport mechanism, and specifically variability in food distribution near the bottom, is the main factor regulating the distribution and abundance of suspension feeders such as gorgonians in sublittoral communities in the Mediterranean. Nevertheless, despite the studies carried out to date, little is known about the food requirements of gorgonians. Description and quantification of the diets of these organisms are essential if we are to be able to characterize the ecological niche and role of gorgonians in littoral benthic communities in the Mediterranean Sea.
Gorgonians are suspension feeders that ingest particulate matter (Lasker 1981a ), though it is not yet clear whether the particulate matter is capable of satisfying their energy needs. In addition, it has been shown that gorgonians are able to ingest and assimilate dissolved organic matter and mucus and that in certain cases the mucus ingested may satisfy their requirements (Coffroth 1984) . In contrast, the capture of zooplanktonic prey by gorgonians has only been documented in a few studies (Leversee 1976 , Lasker 1981a . Furthermore, researchers have postulated that the abhty of gorgonians to capture vagile prey is low, based on the low densities of nematocysts on the tentacles (Mariscal & Bigger 1977 , Lasker 1981a , Coffroth 1984 .
Many anthozoans, such as corals (Porter 1974, Lasker 19?9) , zoantharians (Sebens 197?) , alcyonaceans (Sebens & Koehl 1984) , and actinians (Purcell 1977 , Sebens 1981 , have been observed to capture zooplankton. However, prey capture rates have seldom been quantified (Porter 1974 , Sebens 1977 , Lasker 1979 . In tropical regions, where zooplankton abundance is lower than in temperate regions, gorgonians may exploit other energy sources (such as symbioses with algae). However, nitrogen, phosphorus, and other nutrients still have to be provided by zooplanktonic prey (Muscatine & Porter 1977) . In any event, gorgonians, which are quantitatively important in certain benthic communities, may furnish a good example of the role of suspension feeders in littoral food chains and in the relationship between the plankton and the benthos in temperate seas.
Paramuricea clavata (Risso, 1826 ) is a large, strictly
Mediterranean, aposymbiontic gorgonian with a highly specific distribution: isolated populations off promontories on capes or islands at depths between 5 and 110 m (Weinberg 1991) in areas washed by strong currents, or on walls or bottoms with abrupt vertical features that ensure active replenishment of water masses. The object of the present study was to assess the contribution of zooplankton to the diet of P. clavata and quantify ingestion rates in preparation for a future assessment of the metabolic budget. Patterns of variation in the diet over an annual cycle and a diel cycle were considered. Furthermore, an attempt was made to relate the prey capture rate to the frequency of occurrence of prey in the habitat and to observe (1) differences in the prey capture rate between colonies within the population and between polyps within the same colony. (2) selectivity, and (3) the impact of the study population on plankton in the study area.
MATERIALS AND METHODS
The Paramuricea clavata population studied was located on the northern face of the Carall Bernat rock in the Medes Islands (northwestern Mediterranean). Population density was 32 colonies m-', and the population considered was located near the upper limit of the species' depth range. Colonies in the population ranged in size from 1 to 55 cm in height. Samples spanned the entire local depth range between 17 and 29 m. The samples, apical fragments or whole colonies, were immediately fixed in 10% formaldehyde in sea water. Annual and diel variations in the diet. To study annual variations, Paramuncea clavata colonies were sampled monthly from July 1990 to May 1991 and biweekly in June and July 1991. Each sample consisted of 1 apical fragment collected from each of 20 different colonies. All samples were collected at 10:OO h to preclude possible circadian influences on the annual pattern of prey capture. The diel pattern was studied over a 24 h period in April 1992, during which an apical fragment was collected from each of 10 colonies at 4 h intervals. The statistical significance of the differences in annual and diel variations in the rate of prey capture was tested using an analysis of variance (ANOVA) followed by Scheffe's contrast test (Zar 1984) .
Stomach contents and prey biornass. Five polyps from each fragment were dissected under a binocular dissecting microscope and the stomach contents examined. Prey items were identified to the level of the major taxonomic groupings (see Tables 4 & 5) . The length and maximum diameter of all prey items were measured. Prey item biomass was calculated by estimating the wet weight based on the volume of the geometrical shape that most closely approximated prey item shape (Sebens & Koehl 1984) and a specific weight of 1.025 g cm-3 (Hall et al. 1970 ). The dry weight was taken to be 13% of wet weight (Beers 1966 , Murphy 1971 . Dry weight was converted to organic carbon weight using the generally accepted ratio for zooplankton, C:DW = 0.5 (Jsrgensen et al. 1979) .
Inter-polyp variability and sample size. To determine variations in the number of prey items per polyp within the population, a total of 250 polyps were randomly selected from 20 (randomly collected) colonies. The experiment was carried out in spring and repeated in summer 1991. The values recorded were recombined into sample groups of increasing size of 10, 20, 30, 40, 50, 75, 100, 200 and 250 polyps. The curve for the quotient of the variance and mean number of prey items per polyp vs sample size was plotted. The experiment provided information on variability in prey capture within the population and on the minimum representative sample size that should be used in studying the stomach contents.
Within-colony variation. The different parts of each colony were arranged in order according to the method of Horton (1945) for classifying effluents in a drainage basin. This method was later modified by Strahler (1952) and applied to gorgonians by Brazeau & Lasker (1988) and by Mitchell et al. (1993) . Terminal branches were defined as first-order branches. Higherorder branches were formed by the union of 2 branches of the same lower order. One-factor ANOVA followed by ScheffB's contrast test (Zar 1984) was applied to examine patterns in the relationship between prey capture rate and branch order For this study, 6 colonies were collected and fixed immediately in 10% formaldehyde in sea water Three replicates of 10 polyps from each branch order of each sample colony were examined.
Zooplankton density. Two zooplankton samples were collected (biweekly) concurrently with the collection of fragments of Paramuricea clavata colonies for the study of annual and die1 variations. Plankton nets 22 cm in diameter with a mesh size of 60 pm were employed. The nets were towed over a distance of 40 m by a diver a short distance (30 to 50 cm) from the gorgonians. The plankton samples were fixed in 5% formaldehyde in sea water and identified to the level of the main taxonomic groupings (see Tables 2 & 3) . Prey-plankton relationship. Selectivity indices were calculated for those zooplankton groups that accounted for more than 5 % of the total of prey items, comparing density (ind. m-3) in the plankton and frequency of occurrence as prey in the contents of 100 polyps from each sample. The chi-squared test was applied to the selectivity values as described by Pearre (1982) .
Activity rhythms. To study activity rhythms, the expansion state of the polyps of 100 colonies were recorded along each of 50 transects over the annual sampling period and over two 24 h periods (April, coinciding with polyp sampling, and August). Only the 2 extreme states, expanded or contracted, were considered; no distinctions were made either for intermediate expansion states or for the number of expanded polyps in partially expanded colonies.
Digestion time. On 19 April 1992 an experiment to estimate the digestion time was performed. One apical fragment was collected from each of 90 colonies and placed in filtered sea water at ambient water temperature (14°C). Ten fragments were fixed in 10% formaldehyde in sea water immediately. A further 10 fragments were fixed after 30, 60, 90, 120, 150, 180, 210 , and 240 min. The stomach contents of 5 polyps on each fragment were examined. The percentage of polyps that were full and the number of prey items per polyp were recorded for each 50 polyp sample.
Prey capture rates. Prey capture rates expressed as number of prey items captured per Paramuricea clavata polyp per day were calculated using the equawhere C = number of prey captured polyp" h -' ; t = time (in h); N = prey items per polyp; and D = digestion time (in h). This formula calculates the number of prey captured sample h -' Effects of predation on the plankton. The total number of prey captured per year were calculated froin the daily prey capture rates recorded each month. Since the ambient plankton sample series was more complete (bi-weekly) and since there was good correlation (see Fig. 3 ) between plankton density and the number of prey items captured by this gorgonian, prey capture values were estimated from the monthly stomach content analyses as well as by extrapolation based on the bi-weekly plankton density values. The estimated prey biomass captured yearly by this Paramuricea clavata population off the Medes Islands was calculated taking into account the results for colony density, polyps, and demographic structure obtained from a study of the growth and production of the population (Coma 1994) , variations in prey capture rates based on the rank of the branch on which each polyp was located, and the weight of each type of prey item.
RESULTS
Variability in prey capture rates vs sample size and between polyps, branches, and colonies The curve flattens out from a sample size of 30 polyps (50 in June), and the variance was less than 5 % of the mean for the first 50 polyps examined. ANOVA revealed that there were no significant differences in the estimates of mean number of prey items per polyp for samples of 50, 100, 150, and 200 polyps (March: p < 0.581; June: p < 0.985). These results make it possible to state with confidence that the sample sizes used in this study were fully representative for the population as a whole.
Significant differences in the mean number of prey items per polyp were observed between colonies (Table 1 ). There were also significant differences in the percentage of full polyps and the number of prey items captured per polyp for the different-order polyps on the same colony (Fig. 2) . The number of prey items decreased as the branch order increased. These differences were significant between first-order branches and the rest of branches (ANOVA, p 0.001; Scheffe's test). A colony's peripheral (primary) branches captured around 50% more prey than did the polyps located on the higher-order branches. The number of prey items in the polyps also tended to decrease with the progression from second-to third-to fourth-order branches, but the differences were not significant. 
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Plankton dynamics
The plankton was classified into 3 categories on the basis of abundance in the samples over the annual period: (1) Items that were present in all samples and contributed quantitatively important shares, such as copepods (55 % of the total), nauplii (15 %), and eggs (15%); these 3 items predominated in the plankton over the annual cycle and together accounted for 85 % (A%), on average, of the plankton catches over the year. (2) Groups that were not always present but were quantitatively important at certain times of the year, such as appendicularians (13% in May), siphonophores (10% in May), and lamellibranch larvae (10% in February). (3) The remaining items whose quantitative contributions were in all cases less than 1 % ( Table 2 ) . Three periods of peak density were observed, one in autumn, another at the beginning of winter and the third in spring (Fig. 3) . period there was a dietary preference towards groups of low motility that were highly abundant in the plankton at the time, such as copepod eggs and nauplii and other benthic invertebrate eggs and larvae. The highest positive selectivity was recorded for copepod eggs, for which values were significant over most of the year (Table 6 ). There was also significant positive selectivity towards other groups, such as bivalve larvae and planulae during their periods of peak abundance in the plankton. The trend for nauplii was similar, whereas there appeared to be a sign~ficant negative selectivity towards copepods throughout the year. The number of prey items captured by Paramuricea clavata was closely related to prey availability in the plankton (Fig. 3) . A single occasion excepted, an increased higher zooplankton density was reflected by an increase in the total number of prey items captured. The percentage of polyps containing prey items was correlated with ambient plankton density (r = 0.671, p < 0.02). A similar correlation was observed between plankton density and the mean number of prey items per polyp (r = 0.645, p < 0.05).
Die1 variation in the diet
Prey capture rates, expressed as the percentage of full polyps and the number of prey items per polyp, were fairly constant over the diel cycle. Most of the prey were copepod nauplii or eggs or harpacticoid copepods (Table 5 ). Below, times at which capture rates were not significantly different are underlined:
A significant increase in prey capture was observed at 10:OO h, coinciding with higher capture levels of copepod nauplii and eggs.
Nearly all the Paramuricea clavata colonies showed all polyps expanded throughout the entire diel cycle. The lowest percentage of colonies with expanded polyps was observed at 14:00 h (80%; Table 5) .
Selectivity values for copepod eggs and copepod nauplii were significant during the diel cycle (Table 7) . A positive selectivity for benthic harpacticoid copepods was also observed.
Activity rhythms
Synchrony in the expansion or contraction of all the polyps on the colonies was high, such that the most likely states were 'all open' or 'all closed'. There was no circadian cycle of expansion and contraction. The colonies remained expanded over the entire 24 h diel sampling period in spring, whereas they were all con- (Fig. 4) , coinciding 
Prey digestion time
Stomachs contained identifiable prey up to 3 h after capture, but none or only a very few after 4 h. Due to low numbers of prey observed during the experiments concerning prey digestion time, data are not tabulated. The results, however, suggested that prey items present in the stomach contents had been captured in the last 0 to 3 h, with a few somewhat older fragments. Although digestion time is dependent upon temperature (Purcell 1992 ) and the experiment was carried out in the cold season (14°C; temperature range: 12 to 21 "C), for subsequent calculations a conservative mean digestion time of 4 h was assumed, in concordance with the times reported for other species of gorgonians (Coffroth 1984) and anthozoans (Boschma 1925 , Yonge & Nicholls 1930 , Sebens & Koehl 1984 , Sebens 1987 ). Table 8 summarizes the daily prey capture values as well as the total number of prey captured by the population over the entire year. The calculation took into account changes in the factors affecting prey capture rates: month of the year (prey availability), time of day, polyp position on the colony, and digestion time. Because both polyp density and number of prey captured per polyp change with branch order, to calculate total consunlption we estimated the proportion of polyps on different-order branches (Table 8 ). The mean number of prey captured m-2 d -' was between 215 386 and 469 932, with minimum values in summer and maximum values in spring and autumn. Overall, the annual number of prey captured can be put at between 75 and 165 X 106 prey m-2 yr-l. Table 9 sets out the conversion of number of prey to biomass for each prey type along with an estimate of prey biomass captured, equivalent to between 6 and 13 g C m-'yr-l.
Prey capture rates
DISCUSSION
Diet
Feeding is one of the least understood aspects of gorgonian biology, possibly because significant quantities of identifiable prey items have been difficult to find in stomach samples (Lasker 1981a) . Moreover, the capture of zooplanktonic prey items has only been reported sporadically and always in laboratory experi- Table 8 . Paramuricea clavata. Estimated size and variability of the ecological impact of a 1 m2 population (at 32 colonies m-'), with the number of prey items captured per polyp per day calculated taking into account annual variability in prey capture rates (Table 4) , die1 variability in prey capture rates (Table 5) gonians are based and the degree of variation according to species and latitude are still largely unknown. Unlike the previously studied gorgonians, Paramuricea clavata regularly feeds on zooplanktonic prey. The prey items captured by P. clavata are principally nauplii and eggs -common components in the plankton -that are small in size (100 to 200 pm) and of low motility. Nevertheless, the diet of this species is quite varied (Table 21 , and larger prey items that are relatively powerful swimmers, such as certain adult calanoid copepods, were sometimes observed.
Anthozoans that feed on zooplankton capture their prey with the help of nematocysts, specialized cells located on the tentacles. The absence of zooplankton in the stomach contents of gorgonians has been attnbuted to the low number of nematocysts arming their tentacles (Mariscal & Eigger 1977) . Nematocysts in Paramuricea clavata are atrichous (9 to 10 pm) with a long, poorly armed filament, and nematocyst density was low (no more of 50 nematocysts have been observed in tentacle fragments of 0.5 mm length) Pinnulate tentacles (Lasker 1981a) and nematocyst type and density may explain the capture of the least motile prey items but cannot account for the easy capture of more motile prey. Although we have no direct evidence, more than l polyp may cooperate in capturing larger prey items, since the polyps are spaced closely together. A similar process has been observed in hydroid colonies, in which several polyps may work together to capture large prey items such as nematodes (Christensen 1976) .
The absence of zooplankton in the stomach contents of gorgonians has led some workers to propose the existance of alternative food sources, such as suspended amorphous particulate matter (Lasker 1981a) , mucus produced by corals (Coffroth 1984) , and dissolved organic matter (Murdock 1978) . The most popular belief is that gorgonians have a mixed diet based on particulate and dissolved organic matter, including the food supply from symbiosis with zooxanthellae (Farrant et al. 1987) . The occasional capture of zooplanktonic prey has been observed in tropical gorgonians (though ingestion of zooplankton was not quantified), but amorphous particles were the primary food source (Lasker l98la) .
Diatoms have been reported in the diets of 2 Alcyonium species (Roushdy & Hansen 1961 , Sebens & Koehl 1984 . The contribution of diatoms to the diet of Paramuricea clavata was minor. Unsuitable polyp size and predation method were probably the reasons why phytoplankton was not exploited as a food resource, and this would appear to be a common trait shared by all coelenterates (Sebens 1987) Studies on the energetics of zooplankton and other food sources in the diets of gorgonians, like those carried out for other anthozoans (Edmunds & Davies 1986 , Zamer & Shick 1987 , could assist in clarifying the role of zooplankton in the diets of these organisms. To date no energy balance has been published for gorgonian metabolism. An approxim.ation of the metabolic balance in Paramurjcea clavata (Coma 1994) has made it possible to quantify the contribution of zooplankton in the diet of this species. The energy ingested in the form of zooplankton met 42.8 % of the requirements for net production and the basal n~etabolisn~. This shows that zooplankton comprises a share of the resources making up the diet of P. clavata. The dietary strategy of this species is doubtless a type of mixed diet which is also based on particulate matter and dissolved organic matter.
Factors regulating prey capture
The prey capture rate of Paramuricea clavata depends upon the density of plankton in the habitat. Over the annual study period, the penods of peak prey capture coincided with the penods of highest plankton concentration. Only in January was there a discrepancy, with a reduction in prey capture rates in relation to ambient plankton density; however, at that time of year the plankton was composed chiefly of calanoid copepods, which readily escape from the tentacles of the polyps.
Zooplankton densities and prey capture rates remained fairly constant over the die1 sampling period, except for the significant peak recorded at 10:OO h. The main factors regulating feeding in passive suspension feeders have been shown to be prey concentration and water flow rate (Leversee 1976 , Patterson 1991 . Although no flow rate data are available, the significant correlation between plankton density and stomach contents over the annual cycle suggests that the feeding peak observed may have been caused by a substantial change in flow rate.
The fall in the prey capture rate during the summer coincided with a high percentage of contracted colonies in the population. Contraction of polyps by anthozoans has been shown to be associated with a decrease in the metabolic rate (Robbins & Shick 1980 , Lasker 1981b and to enhance the conservation of energy reserves (Campbell 1974 , Sebens & DeRiemer 1977 . The summer contraction period coincided with lower density levels for potential prey items in the plankton (Fig. 3) . Contraction lowers the energy budgets of colonies when prey density is low and enables the colonies to survive by decreasing respiratory expenditures to nearly half that in the expanded state (Sebens 1987) .
There was high variability in prey capture rates between different colonies within the population. The differences in prey capture have been attributed to patchy distribution of littoral zooplankton in the studied area. This spatial variability also implies temporal variability, and both may appear more distinctly when the scale of sampling is lower than that employed in this experiment and probably also in many other previous experiments. However, the nearly linear relationship between the number of prey items captured and a m b~e n t plankton density is ind~cative of a species that is regulated only weakly by ~nternal feeding rhythms but is strongly conditioned by the external availability of prey of the r~g h t size and motility. On the other hand, differences in capture rates between differentorder branches could be explained by d~fferential flow rates over and around the colony, which would be greater if it were a bush (when self shadlng could occur in the middle) rather than a fan.
The most pronounced differences in prey capture rates occurred among the polyps of the same colony. Apical polyps are more effective than the others at capturing prey. Furthermore, investigation of other aspects of the biology of Pararnuricea clavata (Coma 1994 ) revealed evidence of similar differences in growth rate and gonadal biomass. Only higher ingestion rates for apical polyps would be consistent with those results, since the metabolite transport capability of gorgonians appears to be poor (Murdock 1978) . Coffroth (1984) noted that the apical branches of the gorgonian Pseudoplexaura porosa had higher mucus capture rates than those of the inner branches, but since polyp density on the apical branches was also higher, it is not clear whether the difference was attributable to higher capture rates per polyp or to a larger surface area for prey capture. Coffroth (1984) suggested that the polyps on the apical branches may be more likely to contact components of the plankton than are those on inner branches. The rate and dynamics of water flow circulating through a gorgonian population have also been reported to alter the likelihood of prey capture by colonies (Leversee 1976) . As observed in other benthic suspension feeders, the colonies of a single population interact by affecting the direction and rate of flow reaching neighbouring colonies (Patterson 1984 , Okamura 1985 , McFadden 1986 . Nearby colonies may affect the gravitational deposition of particles and components of the zooplankton (LaBarbera 1984) . The breaking effect of neighbouring colonies on water flow would cause the polyps on the peripheral and apical branches to be more favourably positioned to capture prey, and prey capture by those polyps could likewise exert an adverse light shading effect on prey capture by the polyps on the inner branches.
Prey capture rates
Taking all the foregoing variables into account, we estimated a mean prey capture rate ranging between 1.1 and 8 prey items polyp-' d-l, equivalent to the ingestion of between 0.09 and 0.64 pg C polyp-' d-l. Digestion time generally is the weakest link in estimates of prey capture rates. The mean time of 4 h used in this study could vary significantly for a number of reasons. Thus, although the experiment on digestion time was carried out in spring and all the colonies were expanded, the initial number of prey items per 100 polyps was only 30, just half the expected mean value for that time of year. In addition, water temperature during April (14OC) was close to the yearly minimum (12"C), and it has been well established that mean digestion time should decrease as temperature rises (Purcell 1992) . Nevertheless, the digestion time recorded was consistent with the digestion times reported for other coelenterates of similar size. The literature values range from 2 h for hydroids (Barange & Gili 1988 ), 2.5 to 5 h for scyphomedusae (Purcell 1992 ), 3 to 4.5 h for ctenophores (Reeve & Walter 1978) , and 4 to 6 h for alcyonaceans (Sebens & Koehl 1984) to between 3 and 14 h for corals (Boschma 1925 , Yonge & Nicholls 1930 , Porter 1974 . The digestion time observed was also consistent with the small size range of prey that predominates in the diet of Paramuncea clavata and would appear to be closer to the digestive dynamics of hydrozoans than of corals.
Effect of predation on the plankton
The prey capture rates for the population as a whole and the effect of predation by Paramuncea clavata on plankton populations were very high. Based on the density of the populations of this gorgonian in the study area (32 colonies m-2, i.e. 159916 polyps m-2 and 221 g dry wt m-2), prey capture rates were estimated at between 152 139 and 1064 975 prey m-2 d-l, the equivalent of removing between 12.2 and 85.2 mg C m-* d -' from the plankton. Data such as those reported here furnish evidence that gorgonians, like other benthic zooplanktivores, may play a major role in littoral food webs and, in particular, in the flow of energy between the plankton and the benthos. Nevertheless, this contribution should be regarded only as an initial approximation, and in view of the high spatial and temporal variability in prey capture rates, additional efforts to determine the extent and scale of the processes relating to the feeding strategies of gorgonians and other benthic zooplanktivores should be conducted.
